Financial viability of liquid air energy storage applied to cold storage warehouses by Foster, A et al.
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Epme tupsbhf xbsfipvtft )EUYt* bsf mbshf fofshz dpotvnfst boe bddpvou gps b tjhojgjdbou qpsujpo pg uif
hmpcbm fofshz efnboe/ EUYt bsf jefbmmz tvjufe gps tpmbs sfofxbcmf fofshz- bt uifz hfofsbmmz ibwf mbshf
gmbu sppgt boe uifjs qfbl efnboe dbo dpjodjef xjui uif tvo tijojoh/ C dibmmfohf xjui gmvduvbujoh
sfofxbcmft jt uifjs wbsjbcjmjuz- xijdi nfbot hfofsbujpo nbz opu dpjodjef xjui efnboe/ Njrvje bjs
fofshz tupsbhf )NCGU* jt b ufdiopmphz uibu tupsft fmfdusjdbm fofshz bt b dszphfojd mjrvje/ Vijt qbqfs
qsftfout uxp tusbufhjft gps vtjoh NCGU bu EUYt- gjstumz up tijgu uif jnqpsu pg fofshz gspn qfbl up pgg.
qfbl ubsjggt boe tfdpoemz up tupsf po tjuf sfofxbcmf fofshz xifo uifsf jt b tvsqmvt boe vtf xifo opu/ Vif
gjobodjbm wjbcjmjuz pg uiftf tusbufhjft jt uifo jowftujhbufe ubljoh joup bddpvou uif dbqjubm dptu pg uif NCGU
boe uif npofz uibu dbo cf tbwfe evf up uif ejggfsfodft jo ubsjggt bu ejggfsfou ujnft/
Mfz xpset< Njrvje bjs fofshz tupsbhf- sfofxbcmf fofshz- dpme tupsbhf- gjobodf/
FKQOLAR@QFLK
Tfofxbcmf fofshz tpvsdft )TGU* ibwf b nvdi mpxfs dbscpo gppuqsjou uibo dpowfoujpobm fmfdusjdbm fofshz
hfofsbujoh gvfmt )dpbm- hbt- pjm* boe tp ibwf uif qpufoujbm up sfevdf dbscpo fnjttjpot jg vtfe fggfdujwfmz/
Vif GW bjnt up hfofsbuf 31& pg uif fofshz vtfe jo Gvspqf gspn sfofxbcmf tpvsdft cz 3131 )Tfofxbcmf
Gofshz Fjsfdujwf- 311;*/ Ct uif GW boe uif sftu pg uif xpsme npwft upxbse sfofxbcmf fofshz- tvqqmz
cfdpnft npsf efqfoefou po gbdupst pvutjef uif dpouspm pg uif fofshz tvqqmjfs- f/h/ xfbuifs wbsjbujpot/ Vijt
qspwjeft bo jttvf gps hsje cbmbodjoh- bt fmfdusjdjuz hfofsbujpo jt opu fbtjmz dpouspmmbcmf/
Qof nfuipe up cbmbodf tvqqmz boe efnboe jo qpxfs hfofsbujpo jt up tupsf fofshz evsjoh qfsjpet pg mpx
efnboe boe sfvtf ju bu ijhi efnboe/ Nfinboo fu bm/ )3127* tubufe uibu <#+( $" &%0 3(%.,4( 4,*0,),&%05 &145
4%7,0*4 ,) /%3-(5 %33%0*(/(054 )13 5+( (.(&53,&,59 4945(/ %..18 )13 %0 ()),&,(05 '(2.19/(05 %0' 64( 1) (0(3*9
4513%*(;=
Ffnboe boe tvqqmz gmvduvbujpot mfbe up fmfdusjdjuz qsjdft xijdi dibohf jo sftqpotf/ Vijt jodfoujwjtft mbshf
fofshz dpotvnfst up wbsz uifjs dpotvnqujpo boe fofshz qspevdfst up wbsz uif ujnf uifz fyqpsu fofshz-
lffqjoh uif hsje cbmbodfe/
Epme tupsbhf xbsfipvtft )EUYt* bsf uzqjdbm mbshf fofshz dpotvnfst-xijmf joevtusjbm sfgsjhfsbujpo bddpvout
gps bcpvu 9& pg uif hmpcbm fmfdusjdbm efnboe )Hjljjo boe Uubolpw- 3126*/ Fvf up uif tvctuboujbm uifsnbm
dbqbdjuz pg gsp{fo EUYt- ju jt dpnnpo gps EUY pqfsbupst up wbsz EUY fmfdusjdbm fofshz dpotvnqujpo up
bwpje vtjoh fofshz xifo uif qsjdf jt ijhi- uifsfcz jofwjubcmz jouspevdjoh tpnf ufnqfsbuvsf gmvduvbujpot/
Jpxfwfs- uif tusjdu ufnqfsbuvsf dpouspm pg uif sfgsjhfsbufe qspevdu jt dsjujdbm boe uifsfgpsf uifsf jt b mjnju up
uif fyufou uibu tvdi ¨qbttjwf tupsbhf© ()'")$%* #"& cf jnqmfnfoufe )Hjljjo boe Uubolpw- 3126*/
Uupsbhf pg fofshz jt b ufdiopmphz uibu dbo nblf npofz gspn bscjusbhf )cvz bu pof qsjdf boe tfmm bu b ijhifs
qsjdf*/ Vif ejggfsfodf jo fofshz qsjdf cfuxffo uif ujnf fofshz jt cpvhiu- tupsfe boe uifo ejtdibshfe
qspwjeft uif jodpnf/
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EUYt bsf jefbmmz tvjufe gps tpmbs sfofxbcmf fofshz- bt uifz hfofsbmmz ibwf mbshf gmbu sppgt boe uifjs qfbl
efnboe dbo dpjodjef xjui uif tvo tijojoh/ Jpxfwfs- ju jt opu qpttjcmf up cf hsje joefqfoefou vtjoh
pomz TGU gspn tpmbs boe0ps xjoe up qpxfs uif EUY- evf up jut joufsnjuufou obuvsf/ Nbshf.tdbmf fofshz
tupsbhf uibu ibt mpx mpttft pwfs tfwfsbm ebzt jt offefe bmpohtjef uif TGU- xijmf dpowfoujpobm cbuufsz tupsbhf
bu uijt tdbmf jt opu dpnnfsdjbmmz wjbcmf/
Eszphfojd fofshz tupsbhf )EGU* nblft vtf pg mpx.ufnqfsbuvsf mjrvjet bt bo fofshz tupsbhf boe usbotgfs
nfejvn/ EGU dbo qspwjef mbshf.tdbmf- mpoh.evsbujpo fofshz tupsbhf pg 6.2111 OYi )Dsfuu boe Dbsofuu-
3125* boe dbo pqfsbuf tzofshjtujdbmmz xjui b EUY )Hjljjo fu bm/- 3127*- xijdi jt uif gpdvt pg uif GW
EszpJvc qspkfdu )EszpJvc- 3127*/
Vif vtf pg mjrvje bjs up tupsf fofshz- xijdi dbo uifo cf sfdpwfsfe bt nfdibojdbm xpsl- ebuft cbdl up
2;11- xifo uif Vsjqmfs Njrvje Cjs Epnqboz efwfmpqfe b mjrvje bjs dbs/ Qof pg uif dvssfou jttvft xjui
EGU jt jut mpx spvoe usjq fggjdjfodz )TVG jt uif sbujp pg fofshz sfusjfwfe up xibu xbt qvu jo* bt
dpnqbsfe xjui qvnqfe izesp"fmfdusjdbm tupsbhf- dpnqsfttfe bjs fofshz tupsbhf boe Nj.jpo cbuufsjft/
C tztufn ibt cffo efnpotusbufe cz Jjhiwjfx Rpxfs Uupsbhf )Opshbo fu bm/- 3126*/ Vifz tipxfe uibu
TVG dpvme cf hsfbumz jodsfbtfe cz sfdzdmjoh npsf pg uif dpme gspn uif fyqbotjpo up uif mjrvfgjfs/
Opshbo fu bm/ )3126* tubufe uibu bo pwfs 61& TVG xpvme cf bdijfwbcmf jg uif qfsdfoubhf pg dpme sfdzdmjoh
jodsfbtft gspn 62& up ;2&/ TVGt bsf bmtp hsfbumz foibodfe cz bjs qsf.ifbujoh vtjoh xbtuf ifbu boe qvnqjoh
uif mjrvje bjs up ijhi qsfttvsft/
Gofshz tupsbhf tztufnt offe up qspwjef b sfuvso po jowftunfou/ Vif nbjo dbqjubm fyqfoejuvsf )ECRGZ* pg
mjrvje bjs fofshz tupsbhf )NCGU* jt uif mjrvfgbdujpo qmbou xijdi bddpvout gps bcpvu 71& pg uif upubm
dptu/ Vif dptu pg uif mjrvfgjfe bjs boe ijhi hsbef dpme fofshz tupsf jt pomz bcpvu 21& pg uif upubm tztufn
)Dsfuu boe Dbsofuu )3125*/ Vijt nfbot uibu uif dptu pg NCGU jt opo.mjofbs- xjui tupsbhf dbqbdjuz/
Vijt qbqfs jowftujhbuft uif gjobodjbm wjbcjmjuz pg NCGU gps EUYt pqfsbupst bt bdupst po uif fmfdusjdjuz
nbslfu )cbtfe po qpxfs jnqpsu boe fyqpsu tdfobsjpt- xjuipvu dpotjefsjoh- bu uijt tubhf- puifs qpttjcmf pgg.
hsje bqqmjdbujpot pg uif dszphfojd dpme*/
JBQELA
Ko psefs up bttftt uif gjobodjbm wjbcjmjuz pg NCGU gps EUYt- bo voefstuboejoh pg fmfdusjdbm fofshz
"&%(*$')#&% boe TGU hfofsbujpo jo EUYt jt sfrvjsfe/ Hps uibu qvsqptf- fofshz ebub gspn b EUY
mpdbufe jo Dfmhjvn xbt hbuifsfe/ Vijt EUY ibt TGU gspn tpmbs RX po uif sppg )2 OYq*/ Gmfdusjdjuz
dpotvnqujpo boe hfofsbujpo ubsjgg qsjdft gps EUYt jo Dfmhjvn- uif WM boe Jvohbsz xfsf bmtp pcubjofe
up bmmpx uif sftvmut up cf fyusbqpmbufe up puifs mpdbujpot/
Vif spvoe usjq fggjdjfodz )TVG* jt efgjofe bt<
v Ç
v  
v    | Gr/)2*
TVG jt qfsibqt pof pg uif nptu dsjujdbm qbsbnfufst jo fofshz tupsbhf bt ju sfwfbmt uif fofshz xijdi jt mptu jo
tupsbhf boe jt uifsfgpsf dsjujdbm jo uif gjobodjbm bobmztjt/ Gyqfdufe TVG gspn mjufsbuvsf xfsf jowftujhbufe/
Rpttjcmf sfwfovf gspn bscjusbhf xbt dbmdvmbufe gps uxp tdfobsjpt< )b* xjui uzqjdbm bnpvou pg TGU )mpbe tijgu
tdfobsjp*- boe )c* TGU jodsfbtfe up frvbm po bwfsbhf uif EUY fofshz dpotvnqujpo )bwpjejoh ¨gffe jo©
tdfobsjp*/ Ebqjubm dptu pg frvjqnfou xbt ftujnbufe vtjoh ebub gspn Jjhiwjfx )3123* boe qbzcbdl
qfsjpet xfsf dbmdvmbufe gps fbdi tdfobsjp/ Hvsuifs qpttjcjmjujft up foibodf gjobodjbm wjbcjmjuz xfsf dpotjefsfe/
OBPRIQP
Qrib\Ze \he] lmhkZ`^ pZk^ahnl^ ^e^\mkb\bmr \hglnfimbhg Zg] `^g^kZmbhg
Vif fofshz dpotvnqujpo pg uif EUY )fwfsz 26 njo* xbt sfdpsefe pwfs uif qfsjpe pg b zfbs/ Vif
fmfdusjdbm dpotvnqujpo xbt wfsz fssbujd- sjtjoh boe gbmmjoh jo uif sbohf cfuxffo 211 boe 911 lY
bqqspyjnbufmz/ Yifo uif fofshz efnboe xbt bwfsbhfe pwfs b xipmf ebz )Hjhvsf 56* uif fofshz
dpotvnqujpo xbt nvdi mftt wbsjbcmf boe npsf dmfbsmz tipxt uif jodsfbtf jo dpotvnqujpo gspn xjoufs )}611
lY* up tvnnfs )}811 lY*/
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Vp fwbmvbuf uif bqqmjdbcjmjuz pg bo fofshz tupsbhf tztufn- uif fmfdusjdbm dpotvnqujpo pwfs tipsufs ujnf
joufswbmt offet up cf lopxo gps b cfuufs nbudi pg uif mjlfmz tupsbhf evsbujpo/ Ct bo fybnqmf- Hjhvsf 2 tipxt
bwfsbhf ebjmz dpotvnqujpo )nfbo ebz* boe po Uqsjoh frvjopy )b uzqjdbm ebz*/
Cb`nk^ /, Bg^k`r \hglnfimbhg h_ Z \he] lmhkZ`^ pZk^ahnl^ bg ?^e`bnf bg 0./3" Zo^kZ`^] ho^k Z ]Zr,
Hjhvsf 2 tipxt uibu fofshz dpotvnqujpo gps uif nfbo ebz jt mpxftu bu 17<11 boe jo ebz.ujnf ipvst- xijmf ju jt
hsfbuftu bu 33<11 boe pwfs.ojhiu/ Vijt dpjodjeft xjui b dibohf cfuxffo qfbl boe pgg.qfbl ubsjgg/ Vif
sfbtpo gps uijt jt uibu uif EUY sfevdft jut dpotvnqujpo gps sfgsjhfsbujpo bu qfbl ubsjgg ujnft )cz
bmmpxjoh uif tfu.qpjou pg uif sfgsjhfsbufe sppnt up jodsfbtf* boe jodsfbtft uif dpotvnqujpo bu pgg.qfbl
ujnft )cz sfevdjoh uif tfu.qpjou*/ Ku dbo cf tffo uibu uif uzqjdbm ebz diptfo xbt tjnjmbs up uif nfbo ebz- cvu
uifsf xbt b hsfbufs mfwfm pg wbsjbodf/
Cb`nk^ 0, Bg^k`r \hglnfimbhg h_ Z \he] lmhkZ`^ pZk^ahnl^ ho^k / ]Zr,
Hjhvsf 3 tipxt nfbo ebjmz qpxfs pvuqvu gspn uif qipupwpmubjd )RX* qbofmt po b uzqjdbm ebz )tbnf ebz bt
Hjhvsf 2*/ Qcwjpvtmz- RX pvuqvu jt {fsp bu ojhiu boe ijhiftu bu njeebz/ Vif uzqjdbm ebz tipxo ifsf jt b
dmpvez ebz xijdi epft opu nbudi uif nfbo ebz- vomjlf uif ofyu ebz )opu tipxo* xijdi nbudift ju rvjuf xfmm/
Hps uijt EUY- po bwfsbhf uif RX pvuqvu jt mpxfs uibo uif fmfdusjdbm dpotvnqujpo fwfo bu nje.ebz/ Ko gbdu-
uif RX qpxfs qspwjefe xbt pomz ijhifs uibo uif fmfdusjdbm dpotvnqujpo gps 44; ipvst )4/;&* pg uif zfbs/
Ohng] mkbi ^__b\b^g\r
Ct op tupsbhf tztufn dbo cf 211& fggjdjfou- opu bmm pg uif fofshz dpotvnfe boe tupsfe jt bwbjmbcmf gps
sfmfbtf bu b mbufs ujnf/ Vif TVG jt uifsfgpsf bo jnqpsubou gbdups jo fofshz tupsbhf tztufnt- bt ju jt ejsfdumz
sfmbufe up uif qpufoujbm up hfofsbuf sfwfovf/ Vifsf bsf b ovncfs pg gbdupst xijdi bggfdu TVGt sfqpsufe jo uif
mjufsbuvsf )f/h/ dibshjoh qsfttvsf- dpme0ipu fofshz sfdzdmf- uvscjof jomfu ufnqfsbuvsf- tj{f pg tztufn- fud/*#
Vbcmf 8 tipxt TVGt pg NCGUt sfqpsufe jo tdjfoujgjd mjufsbuvsf/ Vifsf bsf uxp qsbdujdbm efnpotusbujpot pg
NCGU ufdiopmphz gpvoe jo uif mjufsbuvsf/ Ojutvcjtij cvjmu b tztufn )Mjtijnpup fu bm/- 2;;9* cbtfe po
mjrvje spdlfu fohjof ufdiopmphz boe xjui op TVG sfqpsufe/ Vif Jjhiwjfx tztufn sfqpsufe b mpx
TVG pg 9& )Opshbo fu bm/- 3126*- xijdi jt b dpotfrvfodf pg uif tnbmm.tdbmf eftjho- mpx mfwfm pg
dpme sfdzdmf boe op joqvu gspn xbtuf ifbu/ Jpxfwfs- Jjhiwjfx Rpxfs Uupsbhf jt cvjmejoh b ofx
efnpotusbups bu b mbshfs tdbmf                      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Cb`nk^ 25, Bg^k`r `^g^kZmbhg h_ ma^ MS iZg^el h_ Z \he] lmhkZ`^ pZk^ahnl^ ho^k / ]Zr,
QZ[e^ 5, OQBl k^ihkm^] bg l\b^gmb_b\ ebm^kZmnk^,
O^_^k^g\^ OQB &#' ?Zlbl Fg_hkfZmbhg
Opshbo fu bm/ )3126* 9 Ffnpotusbups Jjhiwjfx qpxfs tupsbhf tztufn qjmpu qmbou/ Epme
sfdzdmf 62&/ Unbmm tj{f qmbou )21 ujnft tnbmmfs uibo
dpnnfsdjbm tdbmf mjrvfgjfs*/ Pp xbtuf ifbu/
Opshbo fu bm/ )3126* 5; Vifpsz Rfbl ejtdibshf qsfttvsf 311 cbs/ Ybsn sfdzdmf 484
M/ Njrvfgjfs tj{f }2111 upooft qfs ebz/
Opshbo fu bm/ )3126* Wq up 71 Vifpsz Rfbl ejtdibshf qsfttvsf 311 cbs/ Ybsn sfdzdmf 559
M/ Njrvfgjfs tj{f }2111 upooft qfs ebz/
Udjbdpwfmmj fu bm/
)3128*
59 Vifpsz Eibshjoh qsfttvsf pg 296 cbs boe 734 M uvscjof jomfu
ufnqfsbuvsf/ Ybtuf ifbu gspn mjrvfgbdujpo
dpnqsfttpst vtfe boe tupsfe/
Udjbdpwfmmj fu bm/ )3128* npefmmfe b NCGU tztufn xjui b qsfejdufe TVG pg 59&/ Vifz npefmmfe
uif ezobnjd dzdmjoh pg uif dpme0ipu fofshz tupsbhf/ Vif ipu tupsbhf vtfe ifbu gspn uif dpnqsfttpst- sbuifs
uibo xbtuf ifbu gspn bo fyufsobm qspdftt/
MLQBKQF>I BKBODV DBKBO>QFLK P@BK>OFLP CLO > @LIA
PQLO>DB T>OBELRPB
Vxp tdfobsjpt xfsf dpotjefsfe wjbcmf gps boz EUY pqfsbups xip qvsdibtft boe tfmmt fofshz vtjoh pgg.qfbl
boe qfbl ubsjggt/
2/ Npbe tijgu tdfobsjp ¤ Vijt tdfobsjp jt gps uif EUY pqfsbups xip ibt op TGU ps uif TGU jt tp tnbmm uibu
uifz sbsfmz fyqpsu/ Vijt bqqfbsfe uzqjdbm jo uif EUYt tuvejfe up ebuf/ Vif tupsbhf tztufn jt eftjhofe up
tijgu uif fmfdusjdjuz jnqpsu gspn qfbl up pgg.qfbl ujnft- uifsfcz tbwjoh npofz/
Vif bwpjefe dptut )dbmmfe sfwfovf*qfs voju pg fmfdusjdbm fofshz tupsfe jt uif ejggfsfodf cfuxffo uif dptut pg
uif fofshz jnqpsufe bu qfbl boe pgg.qfbl ubsjggt )ubljoh joup bddpvou uif tupsbhf mpttft*<
 Ç v ]  Ã vv ]  Gr/)3*
Vif njojnvn wbmvf pg TVG up qspwjef sfwfovf jt uivt uif sbujp pg pggqfbl upqfbl ubsjggt<
v Ç  Gr/)4*
3/ Cwpjejoh ¨gffe jo© tdfobsjp ¤ Vijt tdfobsjp bqqmjft xifsf uif EUY ibt b mbshf bnpvou pg TGU boe
sfhvmbsmz fyqpsut fmfdusjdjuz/ Hps uijt tdfobsjp uif EUY xpvme tupsf sfofxbcmf fofshz boe vtf ju mbufs-
xifo sfrvjsfe- sbuifs uibo fyqpsu fofshz- bt uif fyqpsu ubsjgg jt hfofsbmmz nvdi mpxfs uibo uif jnqpsu ubsjgg/
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Yjuipvu tupsbhf- fofshz xpvme opsnbmmz cf cpui jnqpsufe boe fyqpsufe cvu bu ejggfsfou ujnft- efqfoefou po
xifuifs uifsf jt b efgjdju ps tvsqmvt jo TGU sftqfdujwfmz/ Yifo tÉ v- uif EUY xpvme jnqpsu fofshz/
Yifo tÈ v- uif EUY xpvme fyqpsu fofshz/
Vif qvsqptf pg tupsbhf xpvme cf up vtf bt nvdi bt qpttjcmf pg uif TGU hfofsbufe fofshz po tjuf- jotufbe pg
tfmmjoh psqvsdibtjoh ju/ Vif sfwfovf hfofsbufe cz fofshz tupsbhf jt uif jotuboubofpvt ejggfsfodf cfuxffo uif
dptut pg jnqpsufe boe fyqpsufe fofshz xifo uifsf jt op tupsbhf- joufhsbufe pwfs ujnf<
 Ç S

Ð   e Ã   ÎÏÑ  Gr/)5*
Q>OFCCP
Gmfdusjdjuz jnqpsu boe fyqpsu ubsjggt xfsf hbuifsfe gps tfmfdufe EUYt jo 4 dpvousjft . Dfmhjvn- WM boe
Jvohbsz )Vbcmf 3*/ "xp pg uif uisff EUYt jowftujhbufe ibe uxp fofshz ubsjgg qfsjpet/ Vzqjdbmmz- pgg.qfbl
ubsjgg xbt cfuxffo 21 q/n/ boe 7 b/n/ Vif pof jo Jvohbsz ibe b tjohmf ubsjgg/ Qomz uif Dfmhjvn tjuf ibe
b wbsjbcmf fyqpsu ubsjgg/ Vif fyqpsu ubsjgg xbt bmxbzt mpxfs uibo uif jnqpsu ubsjgg/
QZ[e^ 6, Be^\mkb\Ze ^g^k`r mZkb__l _hk ma^ 1 k^`bhgl,
Rsjdf qfs )«/lYi.2* Dfmhjvn WM Jvohbsz
Knqpsu pgg qfbl 1/1972 1/1852;23 1/185889
Knqpsu qfbl 1/21656 1/2287;47 1/185889
Gyqpsu ojhiu 1/12976 1/15443 1/15;963
Gyqpsu ebz 1/142;6 1/15443 1/15;963
MLQBKQF>I OBSBKRB COLJ QTL P@BK>OFLP
Hps uif Dfmhjvn tupsf- xijdi jt uzqjdbm pg nboz EUYt- uif xbsfipvtf jt hfofsbmmz bmxbzt jnqpsujoh
fmfdusjdjuz/ Vifsfgpsf- uif mpbe.tijgu tusbufhz jt dvssfoumz uif nptu bqqspqsjbuf nfuipe up sfevdf fofshz
dptut/
QZ[e^ 7, Jbgbfnf OQB Zg] k^o^gn^ `^g^kZm^] _hk ]b__^k^gm l\^gZkbhl _hk ma^ 1 k^`bhgl,
Dfmhjvn WM Jvohbsz
EdVY(h]^[i hXZcVg^d
Ojojnvn TVG 1/928 1/741 2
Tfwfovf+ )«/lYi.2* .1/113 1/136 .1/12;
9kd^Y^c\ [ZZY ^c hXZcVg^d
Tfwfovf+ )«/lYi.2* 1/154 1/136 1/131
+ bttvnjoh bo TVG pg 1/9
Ct uif TVG pg uif tupsbhf tztufn jt mftt uibo pof- uif fofshz sfmfbtfe gspn tupsbhf xpvme cf mftt uibo uibu
jnqpsufe gspn uif hsje/ Vif njojnvn TVG pg b qspgjubcmf EGU tztufn tipvme cf frvbm up uif sbujp pg uif
ubsjggt cfuxffo qfbl boe pgg qfbl )tff Gr/ )4* boe Vbcmf 4*/
Hps Dfmhjvn- uif njojnvn TVG offet up cf 1/93 boe gps uif WM- 1/74/ Vif njojnvn TVG gps uif WM jt pg
b tjnjmbs psefs up uibu xijdi Opshbo fu bm/ )3126" tvhhftu gps b dpnnfsdjbm tztufn xjui xbtuf dpme boe
sfdpwfsz boe ijhi ufnqfsbuvsf xbtuf ifbu )1/7*# Vif gjhvsf gps Dfmhjvn jt ijhifs uibo jt sfbmjtujdbmmz qpttjcmf/
Hps Jvohbsz- uifsf jt op ejggfsfodf cfuxffo uif ubsjggt- tp uifsf jt op cfofgju gps uijt tdfobsjp/
Vif sfwfovf hfofsbufe )Gr/ 3 boe Vbcmf 4* gps Dfmhjvn boe Jvohbsz xpvme cf ofhbujwf- cvu gps uif WM
1/136 «/lYi.2 sfwfovf dpvme cf hfofsbufe- bttvnjoh bo TVG pg 1/9/
Vif mbshftu ejggfsfodft boe sbujpt bsf cfuxffo fyqpsujoh boe jnqpsujoh ubsjggt/ Gyqpsu ubsjggt bsf mpxfs uibo
jnqpsu ubsjggt/ Gofshz tupsbhf dsfbuft uif qpufoujbm up pwfs.hfofsbuf fmfdusjdjuz- Gupsf boe uifo vujmjtf ju xifo
TGU jt jo efgjdju/ Vbcmf 4 bmtp tipxt uif boovbm sfwfovf xijdi dpvme cf hfofsbufe cz tupsjoh TGU boe
vtjoh uijt fofshz xifo TGU jt opu cfjoh hfofsbufe bu bo TVG pg 1/9/ Hps tpmbs qbofmt- uijt xpvme sfrvjsf
tupsjoh fofshz evsjoh uif ebz )qfbl ujnft" boe sfmfbtjoh bu ojhiu )pgg.qfbl ujnft"$ Hps uijt tdfobsjp# bmm
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K6F9=CIG9G 86B DCH9BH>6@@L <9B9F6H9 F9J9BI9& 4=9 @6F<9GH F9J9BI9 6DD96FG ;CF H=9 +9@<>IA K6F9=CIG9 "'&'*)
M&?5=%(#& /CK9J9F$ H=>G F9EI>F9G AI8= ACF9 DCK9F;I@ 2-3 H=6B 8CAACB@L 6J6>@67@9 CB 6 HLD>86@ ,35&
@>MFQ>I @LPQP >KA M>V?>@H LC I>BP
Yijmf uif qsfwjpvt fwbmvbujpotxfsf cbtfe tpmfmz po sfwfovf- uif gpmmpxjoh bttfttnfou jodmveft dbqjubm dptu
boe qbzcbdl/ Vif dbqjubm dptut )ECRGZ* xfsf cbtfe po uif Jjhiwjfx tztufn )Jjhiwjfx- 3123*/ Vifz
bttvnf b 5 OY mjrvfgbdujpo tztufn- b 21 OY qpxfs sfdpwfsz voju )RTW* boe 5 ipvst pg tupsbhf/ Vif voju jt
bttvnfe up dibshf jo 21 ipvst boe ejtdibshf jo 5 ipvst fwfsz ebz/ Vijt qspwjeft b 51 OYi dbqbdjuz/ Vijt jt b
mbshfs tztufn uibo offefe gps uif EUY nfoujpofeifsf- cvu ju jt pg uif tbnf psefs pg nbhojuvef- uifsfcz
pggfsjoh bo bqqspqsjbuf tj{f gps tpnf wfsz mbshf EUYt/ Vif ECRGZ pg uif NCGU tztufn gps uif 21 OY
RTW boe mbshfs wfstjpot jt hjwfo jo Vbcmf 5 bt xfmm bt uif dptu gps 2tu pg ljoe )HpM*- 21ui pg ljoe )QM* boe
211ui QM/ C gbdups pg 1/7 xbt vtfe up tdbmf uif tztufnt )nfbojoh b 31 OY voju xpvme dptu )31021*1/7 bt )*'(
bt uif 21 OY voju/ C mfbsojoh sbuf pg 28/6& xbt vtfe )Jjhiwjfx- 3123*- nfbojoh dptut sfevdfe cz $&#%"
fbdi ujnf uif ovncfs pg vojut xbt epvcmfe/
QZ[e^ /., @>MBU _hk ]b__^k^gm lbs^ Zg] gnf[^k h_ I>BP lrlm^fl &Eb`aob^p* 0./0'
MOR &JT' ChH /.ma LH /..ma LH
ECRGZ )O«*
21 36/5 24/5 8/2
61 81/8 48/4 2;/8
311 285/5 ;3/2 59/7





21 51/3 32/3 22/3
61 33/5 22/9 7/3
311 24/9 8/4 4/9
Vif sfwfovf gps uiftf tztufnt gps uif cftu tusbufhz )Pfu {fsp jnqpsu boe fyqpsu- Dfmhjvn* jt tipxo jo Vbcmf
5/ Ku jt cbtfe po tupsjoh 51 OYi pg fofshz- fwfsz ebz boe bo TVG pg 1/9/ C tjnqmf qbzcbdl qfsjpe ibt
cffo dbmdvmbufe cz ejwjejoh uif ECRGZ cz uif zfbsmz sfwfovf )Vbcmf 5*/ Ku tipvme cf opufe uibu b 51
OYi/ebz.2 RX tztufn bu bo bwfsbhf mpbe gbdups pg 21& jt 28 OY"- uijt xpvme bnpvou up bcpvu 96 bdsft pg
tqbdf/ Ku tipvme bmtp cf opufe uibu uif mjrvfgbdujpo tztufn xpvme uifsfgpsf offe up cf mbshfs up dbquvsf uif
fofshz jo tvnnfs boe xpvme cf pwfstj{fe jo xjoufs/
Rsfwjpvt bttfttnfout xfsf pwfspqujnjtujd bt uifz jhopsfe uif ejggfsfodf jo uif wbmvf pg dbti xjui ujnf/
Yifo dpotjefsjoh b ofu qsftfou wbmvf )PRX* bttfttnfou po b 21ui QM tztufn bu 21 OY RTW- bttvnjoh bo
bctfodf pg pqfsbujpobm boe nbjoufobodf dptut boe b 5& ejtdpvou sbuf- uif sftvmu jt b qbzcbdl qfsjpe pg 5;
zfbst boe gps 211ui QM pg 26 zfbst/ Vifsfgpsf$ uif fdpopnjd kvtujgjdbujpo pg uif tnbmmfs )21OY RTW*
tztufn jt dibmmfohjoh- vomftt uif ovncfs pg vojut jt wfsz mbshf/ Yifsfbt b HpM tztufn bu uif mbshf tdbmf
)311 OY* xpvme qbzcbdl jo 32 zfbst )PRX*/ Vijt joejdbuft uibu- jo uif dvssfou tjuvbujpo- NCGU jt tujmm
fdpopnjdbmmz nvdi npsf gfbtjcmf gps mbshf hsje.tdbmf tztufnt ps mbshf ovncfst pg tztufnt/
DOFA PBOSF@BP
Vifsf bsf cfofgjut up uif fmfdusjdbm hsje )hsje tfswjdft* gps xijdi uif hsje pqfsbups qbzt uif dpotvnfs/ Viftf
nfdibojtnt ps tfswjdft bsf eftjhofe up cbmbodf ejggfsfodft cfuxffo tvqqmz boe efnboe pg uif fofshz
tvqqmz hsje pwfs b sbohf pg ujnftdbmft gspn tfdpoet up ipvst/ Fvf up uif uifsnbm dbqbdjuz boe jofsujb pg bo
NCGU tztufn- gbtu hsje tfswjdft bsf cfuufs dbssjfe pvu cz fmfduspojd tupsbhf )f/h/ cbuufsjft*/
Ufswjdft tvdi bt uif WM obujpobm hsje Uipsu Vfsn Qqfsbujoh Tftfswf )UVQT* bsf sfmfwbou up NCGU/ UVQT
jt sfrvjsfe up qspwjef sftfswf qpxfs jo uif gpsn pg fjuifs hfofsbujpo ps efnboe sfevdujpo up efbm xjui bduvbm
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efnboe cfjoh hsfbufs uibo gpsfdbtu efnboe boe0ps qmbou vobwbjmbcjmjuz/ Vif njojnvn qpxfs sfrvjsfe gps
UVQT jt 4 OY up cf efmjwfsfe xjuijo 5 ipvst ps mftt- gps bu mfbtu 3 ipvst/ Vijt tfswjdf jt jefbm gps NCGU boe
qspwjeft b qbznfou gps cpui tfswjdft cfjoh bwbjmbcmf boe vtfe/
@OVLDBKF@ ER?
Vpebz- uif ijhi dbqjubm dptu pg b mjrvfgbdujpo tztufn nblft ju ejggjdvmu up gjobodjbmmz kvtujgz b NCGU gps b
dpnnpo EUY/ Jpxfwfs- jg uijt dbqjubm dptu dpvme cf tibsfe jo b xbz uibu uif mjrvje bjs ps mjrvje
ojusphfo gspn NCGU bsf vtfe jo bsfbt pvutjef uif fmfdusjdbm hsje- uif qsjdf pg uif fofshz tupsbhf dpvme cf
sfevdfe/
Yifo b EUY fnqmpzt dszphfojd gbtu gppe gsff{joh qspdfttft- bt bo bmufsobujwf up qvsdibtjoh uif
dszphfo gspn bo fyufsobm tvqqmjfs- mjrvje bjs ps mjrvje ojusphfo gspn NCGU dpvme cf vtfe jotufbe/ C
tvsqmvt pg mjrvje bjs ps mjrvje ojusphfo dpvme cf hfofsbufe up tvqqmz cpui uif fmfdusjdjuz hfofsbujpo
boe gbtu gppe gsff{joh/ Vivt$ uif ijhi ECRGZ pg uif mjrvfgbdujpo qmbou xpvme cf pggtfu cz ¨gsff© dszphfo gps
uif gbtu gsff{joh ufdiopmphjft/
Hvsuifsnpsf- EUYt gpsn qbsu pg uif dpoujovpvt boe vcjrvjupvt dpme dibjo xijdi dpnnpomz vtft
gppe usbotqpsu wfijdmft up usbotqpsu sfgsjhfsbufe qspevdut/ Kg dszphfojdbmmz sfgsjhfsbufe gppe usbotqpsu
wfijdmft bsf vtfe- uif mjrvje bjs ps mjrvje ojusphfo gspn NCGU dbo cf ibsofttfe up sfevdf uif dptu
pg dppmjoh uiftf wfijdmft/ Eszphfojd usbotqpsu wfijdmft pggfs nboz cfofgjut pwfs ejftfm qpxfsfe
dpowfoujpobm tztufnt/ Hps fybnqmf- {fsp fnjttjpot bu qpjou pg vtf- rvjfu svoojoh- gbtu qvmm epxo boe op
offe up svo fohjoft gps nbjoubjojoh mpx ufnqfsbuvsft/
Uvsqmvt mjrvje bjs ps mjrvje ojusphfo dpvme bmtp cf vtfe up qpxfs bvupnpcjmft )Mopxmfofu bm/- 2;;9*/
Ffbsnbo )3126* bsf efwfmpqjoh uijt ufdiopmphz gps cpui fohjof qspqvmtjpo boe dpoubjofs sfgsjhfsbujpo/
@LK@IRPFLKP >KA OB@LJJBKA>QFLKP
Wtjoh NCGU up mpbe tijgu cfuxffo qfbl boe pgg.qfbl fmfdusjdjuz ubsjggt xbt opu fdpopnjdbmmz wjbcmf gps
uif EUYt tuvejfe- cfdbvtf uif sbujp cfuxffo pgg.qfbl boe qfbl ubsjggt xbt ijhifs uibo TVG/
Gnqmpzjoh EGU up bwpje fyqpsujoh fofshz jt dvssfoumz nvdi npsf fdpopnjdbmmz wjbcmf/ Jpxfwfs- evf up
uif mbshf dbqjubm dptu pg b mjrvfgbdujpo tztufn bu tnbmm tdbmf- NCGU jt pomz mjlfmz up qspwjef bo bddfqubcmf
qbzcbdl bu mbshf tdbmf )}311 OY* boe bu sfbtpobcmz mbshf fdpopnjft pg tdbmf )21 up 211 vojut qfs zfbs*/ Ku jt
vomjlfmz uibu boz EUY dbo ibwf uif fmfdusjdbm dpotvnqujpo ps TGU qspevdujpo bu b mbshf fopvhi tdbmf up
nblf NCGU dptu fggfdujwf bu uif npnfou/ Vif mbdl pg b dpnqfujujwf nbslfu gps tnbmm tdbmf
mjrvfgbdujpo tztufnt nblft uifn qspijcjujwfmz fyqfotjwf/ Vijt jt tpnfxibu pg b ¨dijdlfo boe fhh©
tjuvbujpo- bt NCGU nbz tvddfttgvmmz qspwjef uif nbslfu jg uif ufdiopmphz xbt difbqfs/
Uibsjoh uif dptu pg uif mjrvfgbdujpo tztufn cz vtjoh ju gps dszphfojd dppmjoh- usbotqpsu ps tibsjoh xjui puifs
tjuft nblft NCGU npsf gjobodjbmmz wjbcmf boe uijt jt uif gpdvt pg gvsuifs sftfbsdi pg uif bvuipst/
Kodsfbtfe wpmbujmjuz jo uif fmfdusjdjuz nbslfu- esjwjoh b mbshfs ejggfsfodf jo fofshz qsjdft- dpvme jnqspwf
gjobodjbm wjbcjmjuz/ Hvsuifsnpsf- hpwfsonfou jodfoujwft gps fofshz tupsbhf )tvdi bt uif gffe jo ubsjggt gps
sfofxbcmf qpxfs hfofsbujpo* dpvme esjwf epxo dptut boe jodsfbtf fggjdjfodz )bt ju qsfwjpvtmz ibqqfofe
xjui uif tpmbs qbofmt*- uifsfcz nbljoh NCGU gps EUYt qpufoujbmmz wjbcmf jo uif ofbs gvuvsf/
>@HKLTIBADBJBKQP
Vif EszpJvc qspkfdu ibt sfdfjwfe gvoejoh gspn uif Gvspqfbo Wojpo©t Jpsj{po 3131 Tftfbsdi boe Koopwbujpo
Rsphsbnnf voefs Isbou Chsffnfou Pp 7;2872/
KLJBK@I>QROB
G Gmfdusjdbm Gofshz )lYi* TVG Tpvoe Vsjq Gggjdjfodz )ejnfotjpomftt*
R Gmfdusjdbm Rpxfs )lY* u Vjnf )ipvst*
T Tfwfovf )«/lYi.2* V Vbsjgg )«*
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Uvctdsjqut
f fyqpsu p pgg qfbl
j jnqpsu q qfbl
njo njovnvn
Cdspoznt
ECRGZ Ebqjubm Gyqfoejuvsf Qg Mjoe
EGU Eszphfojd Gofshz Uupsbhf RTW Rpxfs Tfdpwfsz Woju
EUY Epme Uupsbhf Ybsfipvtf RX RipupXpmubjd
HpM 2tu Qg Mjoe TGU Tfofxbcmf Gofshz Upvsdf
NCGU Njrvje Cjs Gofshz Uupsbhf UVQT Uipsu Vfsn Qqfsbujoh Tftfswf
PRX Pfu Rsftfou Xbmvf
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